Background Surgical treatment of pelvic tumors with or without acetabular involvement is challenging. Primary goals of surgery include local control and maintenance of good quality of life, but the procedures are marked by significant perioperative morbidity and complications. Questions/purposes We wished to (1) evaluate the frequency of infection after limb salvage surgical resection for bone tumors in the pelvis; (2) determine whether infection after these resections is associated with particular risk factors, including pelvic reconstruction, radiotherapy or chemotherapy, type of resection, and age; and (3) analyze treatment of these infections, particularly with respect to the need of additional surgery or hemipelvectomy. Methods From 1975 to 2010, 270 patients with pelvic bone tumors (149 with chondrosarcoma, 40 with Ewing's sarcoma, 27 with osteosarcoma, 18 with other primary malignant tumors, 11 with metastatic tumors, and 25 with primary benign tumors) were treated by surgical resection.
Minimum followup was 1.1 years (mean, 8 years; range, 1-33 years). The resection involved the periacetabular area in 166 patients. In 137 patients reconstruction was performed; in 133 there was no reconstruction. Chart review ascertained the frequency of deep infections, how they were treated, and the frequency of resection arthroplasty or hemipelvectomies that occurred thereafter. Results A total of 55 patients (20%) had a deep infection develop at a mean followup of 8 months. There were 20 infections in 133 patients without reconstruction (15%) and 35 infections in 137 patients with reconstruction (26 %) . Survivorship rates of the index procedures using infection as the end point were 87%, 83%, and 80% at 1 month, 1 year, and 5 years, respectively. Infection was more common in patients who underwent pelvic reconstruction after resection (univariate analysis, p = 0.0326; multivariate analysis, p = 0.0418; odds ratio, 1.7718; 95% CI, 1.0243-3.0650); no other risk factors we evaluated were associated with an increased likelihood of infection. Despite surgical débridements and antibiotics, 16 patients (46%) had the implant removed and five (9%) underwent external hemipelvectomy (four owing to infection and one as a result of persistent infection and local recurrence). Conclusions Infection is a common complication of pelvic resection for bone tumors. Reconstruction after resection is associated with an increased risk of infection compared with resection alone, without significant difference in percentage between allograft and metallic prosthesis. When infection occurs, it requires removal of the implant in nearly half of the patients who have this complication develop, and external hemipelvectomy sometimes is needed to eradicate the infection. Level of Evidence Level IV, therapeutic study. See the Instructions for Authors for a complete description of levels of evidence.
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Introduction
Primary bone tumors of the pelvis are rare lesions that are difficult to treat [9, 16, 26, 33] . At the time of presentation, these tumors often are large and technically challenging because of numerous neurovascular structures and the urinary and intestinal tracts. In the past, most malignant tumors in the pelvis were treated with hindquarter amputation [11, 32] . With improvements in chemotherapy and surgical techniques, limb-preserving procedures have emerged as viable surgical modalities [10, 17, 23, 26, 31, 33] and, in most cases, these have replaced ablative surgery. Because the anatomy of the pelvis is complex, resection of pelvic tumors requires extensive exposure to identify and preserve major neurovascular structures and obtain adequate margins. Extensive resection of pelvic sarcomas often necessitates reconstruction to avoid severe functional disabilities as a result of loss of the acetabulum, an incomplete pelvic ring, and loss of the abductor musculature [16, 40] .
Primary goals of surgery include local tumor control and maintenance of good quality of life, but surgery can be complicated neurologic damage, visceral or vascular injury, large soft tissue defects, and complications related to the reconstruction (aseptic loosening, fracture, nonunion), difficulty with ambulation, infection, and delayed wound healing [1-4, 6-10, 12-27, 29-31, 33-36, 38-43, 45, 46] . Infection, often associated with wound complications, is the most frequent postoperative complication after pelvic resection, ranging from 10% to 47%, and sometimes calls for multiple surgical débridement and soft tissue reconstructive procedures [1, 3, 4, 8, 10, 12, 13, 18-20, 23, 25-27, 29, 30, 34, 36, 38, 40, 45, 46] .
Few studies with adequate followup have investigated the incidence and sequelae of infection after resection of pelvic bone tumors [26, 27] .
We therefore performed an observational study of a large number of patients with primary pelvic bone tumors, surgically treated in a specialized oncologic center and followed for a mean of more than 8 years to analyze the frequency and sequelae of infection. Specifically, we sought to (1) evaluate the frequency of infection after limb salvage surgical resection for bone tumors in the pelvis; (2) determine whether infection after these resections is associated with particular risk factors, including pelvic reconstruction, radiotherapy or chemotherapy, type of resection, and age; and (3) analyze treatment of these infections, particularly with respect to the need of additional surgery or hemipelvectomy.
Patients and Methods
In this retrospective study, we examined the records of 315 patients who underwent limb salvage surgical resection for pelvic bone tumors at our institution from 1975 to 2010. Criteria for inclusion in the study were (1) confirmed histologic diagnosis of a pelvic bone tumor; (2) treatment consisting of limb salvage surgical resection with uniform antibiotic prophylaxis; and (3) minimum followup of 1 year. Eight patients did not fulfill the criteria, whereas information regarding the clinical characteristics, treatment, and outcome of 33 patients was not complete and so these patients were excluded from the study. Moreover, four patients (of the remaining 274) died postoperatively as a result of surgical complications not associated with infection (cardiac arrest in two, pulmonary insufficiency as a result of massive pleural effusion in one, and acute pulmonary insufficiency associated with cardiac arrest and multiorgan failure in one), Therefore, 270 (87% of the original 315) patients treated for their pelvic bone tumor and followed for a mean of 8.3 years (range, 1-33 years) were included in the study. We had complete followup for the last 2 years for all 270 patients. There were 159 males and 111 females with a mean age of 39.1 years (range, 4.7-81.8 years) ( Table 1) . All patients or guardians gave written informed consent at the time of admission to be included in scientific studies. The ethical committee of our institute gave institutional review board approval to this retrospective study.
Histologic diagnosis was established by trocar biopsy or open surgical biopsy (95 biopsies had been performed in other hospitals before admission in our center) and all histologic sections were reviewed by experienced pathologists at our institution with special interest in musculoskeletal oncology to confirm the diagnosis. Primary malignant bone tumors were found in 234 patients (chondrosarcomas in 149, Ewing's sarcoma in 40, osteosarcoma in 27, spindle cell sarcoma in six, fibrosarcoma in four, malignant fibrous histiocytoma in three, angiosarcoma in two, lymphoma in two, and leiomyosarcoma in one), 25 had primary benign bone tumors (giant cell tumor in 12; osteoblastoma in four; fibroma in three; exostoses in two; and desmoplastic fibroma, aggressive fibromatosis, benign fibrous histiocytoma, and aneurysmal bone cyst in one each), and 11 patients had metastatic tumors.
Pelvic location of bone tumors was classified according to Enneking and Dunham [17] (Table 1) . Thirty-six patients had undergone surgical treatment before being admitted to our institution for relapse or inadequate treatment. Surgical treatment was performed according to the principles of musculoskeletal tumor surgery and the decision regarding type of treatment was obtained with a high degree of consensus among the oncologic council that included orthopaedic oncology surgeons, medical oncologists, pathologists, and radiologists. Decisions were made for pelvic resection without reconstruction for 133 patients (49%) and pelvic resection followed by reconstruction for 137 patients (51%). In general, patients with pelvic stability and maintenance of limb length after a Type I resection (usually with pelvic ring continuity), patients with an ischiopubic tumor or Types II and III resection with minor acetabular involvement, and patients with poor general conditions did not receive reconstruction. In general, the indications to perform reconstruction included resection of weightbearing or moving elements (such as the hip) because it may result in pelvic instability and unsatisfactory functional results, young patients, primary sarcomas or benign aggressive tumors with intention to cure, solitary pelvic bone metastasis in patients with ''favorable'' cancers such as thyroid, renal, and breast cancer with long life expectancies, and the availability of materials relative to the timing of surgery. In the 35 patients who had no acetabular involvement, reconstruction was performed with allograft only (24 Type I resections, 10 Types I to IV, one Type III). Pelvic allografts were procured in sterile form in an operating room from organ donors by a surgical team and subsequently preserved at À80°C until use in our cell and musculoskeletal tissue bank. No final irradiation for sterilization was performed. At the time of the surgery, the allograft was thawed for approximately 1 hour in a rifampicin solution at 37°C and then implanted. Allografts were fixed with screws and/or plates. In the 10 patients with sacral involvement, spinal instrumentation with pedicle screws was performed. Acetabular resections were reconstructed with prosthetic composite allografts in 59 cases (27 hip prostheses with conventional acetabular cups, 33 hip prostheses with stemmed acetabular cups), with allograft only in 16, a prosthesis only in 10, a saddle prosthesis in 11, and iliofemoral arthrodesis in six. The margins were defined based on the worst margin: wide if a continuous shell of healthy tissue could be seen around the tumor (168 patients [62%]); marginal if the plane of resection was along the pseudocapsule (38 patients [14%]; six had benign tumors); intralesional when pathologic tissue was present in a margin (22 patients [8%]; 10 had benign tumors); and contaminated if either a wide specimen was intralesional in some small area or broken with spilling of tumor content during surgery but additional tissue was removed (42 patients with a finally wide margin [16%]) ( Table 1 ). Treatments other than surgery were used according to histologic diagnosis: chemotherapy in 67 patients (25%), radiotherapy plus chemotherapy in 40 (15%), radiotherapy in nine (3%), and preoperative selective arterial embolization in eight (3%) ( Table 1 ). In all patients, a 5-day regimen of intravenous antibiotic prophylaxis including cefazolin (infusion of 1000 mg during a 12-hour period twice daily) and tobramycin (3 mg/kg/day, in three equally divided doses every 8 hours) starting 1 hour preoperatively was administered. The protocol has been designed to be clinically effective against Grampositive and Gram-negative bacteria. The records of all patients were reviewed and special attention was given to the presence of wound complications or deep infections requiring revision surgery. The criteria used to establish infection that involved skin and subcutaneous tissue of the incision were: (1) purulent drainage, (2) organisms isolated from a culture of fluid or tissue from the incision, and (3) presence of pain or swelling or redness. Characteristics of infections including cultured organism, number of bacteria, the time to onset after surgery, and treatment and outcome were recorded. Infections were classified as postoperative (if the onset was less than 1 month after surgery), early (from 30 days to 6 months after surgery), or late (after 6 months from surgery).
Patients with malignant tumors were followed up postoperatively at regular intervals of 3 months for the first 2 years, every 6 months for the next 3 years, and once a year after 5 years, whereas patients with benign tumors were followed every 6 months for the first 3 years and then annually. The followup time was calculated from the date of surgical resection to the most recent followup or until the time of death. Survivorship of the index procedures using infection as the end point was analyzed using the Kaplan-Meier analysis [28] . Categorical variables were expressed as the number of occurrences and percentage of the total patients in a category. The curves were compared with the log-rank test [37] , where the starting point was surgery and the end point was the occurrence of complications. Multivariate analysis was performed to investigate independent risk factors for infection using the Cox regression model with stepwise forward procedure [37] . Type of resection, resection with and without reconstruction, and treatment with radiotherapy or chemotherapy in addition to surgery were evaluated. Statistical significance was assigned to p values less than 0.05. Data were recorded in a Microsoft Excel 2003 (Microsoft, Richmond, WA, USA) spreadsheet and analyzed using MedCalc software Version 11.1 (MedCalc Software, Mariakerke, Belgium).
Results
The overall survival status varied according to histologic diagnosis ( Table 2 ). Fifty-five of 270 patients (20.4%) had infections at a mean of 8 months (range, 4 days to 128 months) after surgery. There were 33 postoperative infections (60.0%), 12 early-onset infections (21.8%), and 10 late-onset infections (18.2%). Survivorship rates of the index procedures using infection as the end point were 87% at 1 month, 83% at 6 months, 82% at 1 year, and 80% at 5 years ( Fig. 1 ). Infections were multimicrobial in 21 patients (38.2%) and monomicrobial in 34 patients (61.8%). Gramnegative bacteria grew in culture of 25 patients (37.3%) and Gram-positive bacteria in 42 (62.7%).
Infection was more common in patients who had reconstruction after limb salvage infection; we identified no other risk factors associated with an increased likelihood of infection. A total of 15% of patients (20 of 133) treated without reconstruction had infections develop, compared with 26% of patients treated with reconstruction (35 of 137, p = 0.0326; odds ratio [OR], 0.5168; 95% CI, 0.3020-0.8841) (Fig. 2) . Infection was not more likely in patients who received radiation therapy or chemotherapy (p = 0.0509) ( Fig. 3) , in different tumor sites (periacetabular or other, p = 0.4558) ( Fig. 4 ), or in patients of different ages (younger or older than 40 years, p = 0.8098) ( Fig. 5 ). In the multivariate Cox regression analysis, only the presence of pelvic reconstruction emerged as an independent significant prognostic factor on infection (p = 0.0418; OR, 1.7718; 95% CI, 1.0243-3.0650). Considering the role of this variable, the group has been subdivided into the different types of reconstruction and rate of infection assessed. Of the 137 patients treated with reconstruction, 35 had infections develop: 14 of 51 treated with a massive allograft (28%), 12 of 59 with an allograft prosthetic composite (20%), three of 10 with a prosthesis only (30%), four of 11 with a saddle prosthesis (36%), and two of six with arthrodesis (33%).
Thirty-five patients (of 55 who had an infection develop) had pelvic reconstruction, and despite surgical treatment and antibiotics, 16 of them required implant removal (46%). External hemipelvectomy as a final treatment was necessary in five of 55 patients (9%) as a result of infection in four and a concomitant presence of infection and local recurrence in one. In 44 patients with infection (80%), surgical débridement was done in addition to cultureguided antibiotics. In 25 patients, one surgical débridement was sufficient, whereas repeated débridements were necessary in 19 patients. No surgical procedure was associated with antibiotic therapy in the other 11 patients; four patients who were inoperable were treated with wound medication with materials capable of protecting, promoting, and accelerating wound healing, three were treated with wound or fistula irrigation, two received topic antimicrobials, and two refused further treatments.
Discussion
Surgical treatment of pelvic bone tumors is challenging. Some studies have shown that there is no difference between limb salvage techniques and external hemipelvectomy in terms of survival rate of patients with malignant pelvic bone tumors [35, 47, 49] ; therefore, limb salvage techniques have been used more frequently, even for advanced tumors in which a complete cure and functional recovery after resection are difficult to achieve [2, 9, 33] . Unfortunately, diagnosis of pelvic bone tumors is usually late [9, 33] , and the choice of adequate surgical treatment can be particularly difficult because of the size of the tumor and its relationship to important adjacent structures. As in the current series, the most frequent malignant tumor is chondrosarcoma [5, 44] , a chemotherapy-and radiotherapy-resistant tumor, in which the role of surgical margins is important [15, 43] . Limb salvage surgery for such patients, especially when pelvic reconstruction is needed, is an extensive procedure associated with a considerable rate of local complications [1-4, 6-10, 12-27, 29-31, 33-36, 38-43, 45, 46] . The current clinical knowledge regarding the role of infection as a complication after limb salvage surgery for pelvic tumors is based on numerous retrospective clinical studies [1, 3, 4, 8, 10, 12, 13, 18-20, 23, 25-27, 29, 30, 34, 36, 38, 40, 45, 46] . The variety of treatments and inability to use prospective clinical trials because of the rarity of these tumors are the main obstacles in treating these patients. We therefore sought to study a relatively large number of patients treated for pelvic tumors and collected during a long time. Specifically, we (1) evaluated the incidence of infection and its characteristics; (2) determined the effect of type of resection, presence of pelvic reconstruction, additional treatment (radiation and chemotherapy), and age at development; and (3) analyzed the sequelae of infection in this complex patient population. Although this study is relatively large, Type II statistical error remains possible for some of the end points we considered. However, we believe that the long-term followup increases the power of our analysis. Moreover, the rarity of these primary tumors of the pelvis Fig. 1 The Kaplan-Meier curve shows the overall survival to infection of the entire group. Patients were censored based on whether a deep infection was reported during followup. Considering that most of the events happened during the first year, the graph shows more accurately this range of followup. may increase the value of our study. Second, because of the relatively small number of patients in some of our subgroups, we could not analyze all confounding variables with a multivariate regression model; in fact, we had the choice to reduce the number of variables to increase the value of our analysis. Third, we included only patients who had surgical resection of the pelvis for pelvic bone tumors; this resulted in the exclusion of numerous patients who underwent pelvic surgery (ie, soft tissue tumors, external hemipelvectomy as primary treatment), but increased the homogeneity of our study population, a tradeoff we considered favorable. Fourth, owing to the retrospective nature of the study, we could not evaluate the correlation between wound complications and deep infection rate. Moreover, we did not want to run a large number of post hoc analyses to assess the influence of numerous variables, many of which (such as surgical time, wide wound exposure, extensive soft tissue stripping, local hematoma formation, Fig. 2 The Kaplan-Meier curve shows the survival to infection of the entire group depending on whether an infection developed in patients who underwent pelvic reconstruction. The statistical analysis shows a p of 0.0326. Fig. 3 The Kaplan-Meier curve shows the survival to infection of the entire group depending on whether an infection developed in patients who received radiotherapy or chemotherapy. The statistical analysis shows a p value of 0.0509. and poor skin flap blood supply) have been studied before [24, 42] . The 20% infection rate in our series of patients is lower than reported rates in some series [3, 4, 18, 26, 27, 36, 39, 41, 45, 46] and greater or comparable to the experience reported in other studies [1, 8, 12, 13, 19, 20, 29, 30, 38] ( Table 3 ). The overall infection rate in many series varied from 10% to 47% after internal hemipelvectomy [1, 3, 4, 8, 10, 12, 13, 18-20, 23, 25-27, 29, 30, 34, 36, 38-41, 45, 46] , whereas it ranged from 11% to 38% in patients who had resection and endoprosthetic reconstruction [1, 3, 12, 19, 20, 26, 27, 36, 45, 46] . Abudu et al. [3] reported a 26% infection rate in a series of 35 patients undergoing endoprosthetic reconstruction with saddle prostheses. A similar infection rate (30%) was reported in a series of 98 patients treated by resection and reconstruction with custom-made pelvic endoprostheses [27] . To our knowledge, there are no published studies focused on infection as a complication of pelvic Fig. 4 Kaplan-Meier curve showing the survival to infection of the entire group depending on whether an infection did or did not develop in patients treated with resection that involved the periacetabular area (red line) or other type of resection (blue line). The statistical analysis shows a p of 0.4558. Fig. 5 The Kaplan-Meier curve shows the survival to infection of the entire group depending on whether an infection developed in patients aged older or younger than 40 years. The statistical analysis shows a p of 0.8098. resection for bone tumors. Known data for infections usually are derived from small case series (patients randomized for histologic diagnosis or tumor site or type of reconstruction), and this probably is attributable to the rarity of the disease and the absence of a unique modality of treatment. As reported by others [8, 27] , most infections occurred within 2 years of surgery with a median time to infection of 6 months.
The presence and type of pelvic reconstruction may influence incidence of infection. In our series, we found that only the presence of pelvic reconstruction was statistically significant at multivariate analysis as an independent prognostic factor on infection. Puri et al. [38] reported their experience for 26 patients with nonmetastatic Ewing's sarcoma of the pelvis treated with surgical resection, with an infection rate of 19% (four patients including one patient with sepsis and omental gangrene who died during the immediate perioperative period). They attributed this low incidence of infection to the fact that 50% of their patients did not undergo any form of reconstruction. There are few published retrospective reviews regarding surgical treatment of pelvic bone tumors with more than 50 patients [26, 50] , with obvious differences among subgroups, tumor size, resection type, and surgical and adjuvant treatments. Zeifang et al. [50] reported that biologic reconstructions were associated with higher complication rates than endoprosthetic reconstructions, whereas Hillmann et al. [26] , analyzing 110 patients with pelvic tumors, reported a similar incidence of infection (38%) between biologic and prosthetic reconstructions. Infection is one of the most problematic complications that can occur in patients with pelvic allografts [13, 27, 48] . Reported infection rates after massive pelvic allograft reconstruction have ranged from 12.5% to 38.5% in series ranging from 13 to 24 patients [7, 13, 26, 30] . In our series we found 28% and 20% infection rates after reconstruction with massive allografts and allograft prosthetic composite, respectively ( Table 3 ), suggesting that these did not change the risk of infection compared with the other reconstructive approaches used, although certainly a comparative trial would be a way to get a more definitive answer to this question. The role of chemotherapy and radiation in the development of infection is unclear. To exclude pelvic reconstruction as a verified risk factor, we analyzed the series of 62 patients with periacetabular tumors treated with pelvic resection and hip transposition, without allograft or prosthetic reconstruction in 45 patients, reported by Gebert et al. [18] . In their statistical analysis, among a list of risk factors that included clinical stage, surgical procedure, chemotherapy, and radiotherapy, none of these was associated with infection and other postoperative complications [18] . Only age older than 50 years was found to be a significant negative predictor of postoperative complications [18] . Moreover, homogeneous series of chemosensitive histologic diagnoses (Ewing's sarcoma or osteosarcoma) in the pelvis showed an incidence of postoperative infection or wound healing problems ranging from 19% to 31% despite that all patients received chemotherapy and/or radiation [38] . In our series, even if the treatment with chemotherapy and/or radiation showed a statistically significant difference at univariate analysis, it lost its significance at multivariate analysis as an independent prognostic factor of infection. Other series showed no statistically significant difference in the rate of infection between tumors confined to the acetabulum and those involving the acetabulum and ilium or pubis [27, 35] . In our series, an association between the rate of infection and type of resection (periacetabular versus other types) was not found. Despite the similar complication rate, Puri et al. did not reconstruct any of the resections that excluded the acetabulum [38] , whereas others advocate restoring the pelvic ring after Type I or Types I to IV pelvic resections [6, 41] . In our series, half of the patients with Type I or Types I to IV pelvic resections underwent reconstruction because of a massive bone defect and pelvic instability to avoid complications, including a shortened limb or limb discrepancy, pain, and diastasis of the symphysis pubis.
In our series, infections resolved after one or more surgical débridements in combination with antibiotic therapy in 80% of the patients. However, in 46% of patients with pelvic reconstruction, the implants were removed. External hemipelvectomy as a final treatment rarely was needed. There is no unanimous opinion regarding the appropriate treatment of deep infection. Puri et al. [38] reported that three (of four) infections resolved after wound lavage. One patient with ipsilateral femur autograft and prosthetic implant achieved healing of an infection with extensive, early débridement and lavage and appropriate antibiotic therapy [29] . In a series of saddle prosthetic reconstructions after pelvic tumor resections, four of six patients responded to débridement and irrigation, whereas one patient with infection had chronic drainage and in another patient, implant removal was necessary [4] . In another series, nine of 17 patients who underwent resection and prosthetic reconstruction [27] , had deep infections develop and were treated by wound débridement, washout, and antibiotics and their infections resolved. Of the remaining eight, six had a Girdlestone procedure, one had a hindquarter amputation, and one had a two-stage revision, all of which were successful [27] . In another study, after treatment of deep infection of a hemipelvic prosthesis with implant removal and its substitution with an antibiotic-impregnated bead and spacer, two of three patients achieved healing, however, the third patient underwent an external hemipelvectomy because of persistent infection [36] . In a previous study from our institute concerning pelvic reconstruction with massive allograft, implants were removed in six of eight patients with deep infections [14] . Two of these infections were related to contaminated allografts, which raises the question regarding whether irradiation of the allograft might reduce the risk of infection, even if it might imply an increase of failure risk [34] .
The infection rate is still high after pelvic resection and it can have dire consequences for the patient. Pelvic reconstruction was the only independent significant prognostic factor on infection, and often (46% of the time) requires removal of the reconstruction once an infection occurs. However external hemipelvectomy occasionally is needed after limb salvage surgery for pelvic bone tumors. More efforts should be made to decrease postoperative infections to enhance the limb salvage techniques. Starting from the role of pelvic reconstruction on infection rate, additional studies should be done expanding the variable list, assessing the role of operative time, blood loss, tumor size, BMI, wound complications, the extension into the sacrum and lower spine, and the type of material used for reconstruction.
